In 1979 the Siriraj team in Bangkok began exploring a field that was then new in Thailand, i.e. interventional neuroradiology. This first phase consisted mostly in self-training and foreign exposure.
Summary
In 1979 the Siriraj team in Bangkok began exploring a field that was then new in Thailand, i.e. interventional neuroradiology. This first phase consisted mostly in self-training and foreign exposure.
It included experimental work with animal models, as well as early clinical trials designed to assess our skills in particle embolisation and the ligated and detachable balloon techniques. In 1990 a new phase started.
Essential techniques were acquired in collaboration with the neurovascular unit of Bidtre Hospital in France during a three year training programme. Throughout this period, the support of the Association Medicale Franco-Asiatique (AMFA) and the French foreign affairs department proved vital. Our department progressively became a referral centre for the different techniques used in embolisation (balloons, glue ... ) and for various vascular lesions of the brain, the head and neck region, and spinal cord diseases.
Within Mahidol University, the Ramathibodi and Prasat Hospital centres started the same interventional neuroradiology training program in 1995; they benefited from the same tutors and connections as Siriraj. In 1996, the newly acquired biplane DSA machines in both centres enabled us to improve the treatment of arteriovenous malformations -using the glue technique -, intracranial aneurysm -using GDC-coils -, clot lysis, angioplasty ... ete.
According to international recommendations, the critical mass we reached in 1997 in terms of number of patients and interventions, allows us to offer training in endovascular techniques to junior neuroradiologists at Mahidol university.
Introdnction
Interventional Neuroradiology was introduced by Doppman and Di Chiro 15 et AI. to obliterate spinal cord arteriovenous malformations by percutaneous embolisation. In 1973, Djindjian14 reported 60 cases of supers elective percutaneous embolisation.
Serbinenk0 28 in 1974 and Debrun from 1978 to 1984 8 ,10,11,12,13,28 both reported large series of various vascular lesions treated with detachable balloons and calibrated leak balloons. Other types of equipment, such as the silicone balloon 20, the gelatin sponge 20; glue 12; ivalon 31, and coils 17 have also been used for embolisation.
The purpose of this paper is to contribute to the history of interventional neuroradiology in Asian countries in general, with particular emphasis on Thailand. Three different eras can be retrospectively identified: [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] , and from 1995 to date.
1979-1989
The first Thai percutaneous transfemoral embolisation in the head and neck area was per- formed in 1979 at the Faculty of Medicine of Siriraj Hospital. The preoperative embolisation of a juvenile nasopharyngeal angiofibroma was performed by selective transfemoral catheterization into the internal maxillary artery and/or ascending pharyngeal artery. Particles (gelfoam and ivalon) were injected to occlude the feeding arteries 30. In 1985, the Department of Radiology (Suthipongchai S.) created a model for carotid and jugular arteriovenous fistulas in dogs, in cooperation with the Surgery Department (Janyavanich v.) at Siriraj Hospital Faculty of Medicine. Subsequent management with detachable balloons was performed with satisfactory results (figure 1)29.
Thereafter detachable balloon embolisation was applied to patients. The initial results were often unsatisfactory due to the inability to detach the balloon in a suitable position. In 1988, with the importation of gold valve balloons and mini torquers with a nose, results improved significantly 29, reaching international standards.
1990-1994
With the cooperation of the neurovascular unit in Bicetre Hospital, the support of the Association Medicale Franco-Asiatique (AMFA) and the French government, a formal training program took place including sessions twice a year in Bangkok and in Paris for both medical staff and radiographers.
The latest techniques, new catheter systems, and improved disease management were subsequently introduced at the Siriraj Hospital Faculty of Medicine.
In addition to carotid-cavernous sinus fistulas (C.c.F.), dural, brain and spinal cord AVMs and AVFs could then be treated, including vascular lesions and tumours of the head and neck 29 • At the end of this training period, the work achieved by our team was evaluated and reviewed.
From January 1992 to September 1994 (i.e. a period of 33 months), patients were referred to the Department of Radiology at the Siriraj Here they underwent a complete cerebral angiography, including bilateral external carotid angiography, having been placed under either general or local anaesthesia, or just sedated with tranquillizers.
A 5 F to 7 F introducer sheath was inserted into the femoral artery and the guiding catheter was brought to the affected vessels. Flow guided catheters (minitorquer or Magic) were usually used superselectively to treat arteriovenous shunts with glue. Methods 1) Treatment of CCFs or AV Fistulas of the head and neck area was performed with detachable balloons as follows: a guiding catheter of 7 -8 French was used with a minitorquer (CIFN*), fitted with a gold valve balloon (usually a No. 9 balloon, which is, in our experience, the most appropriate size for CCFs in Thailand).
An isotonic nonionic water soluble contrast medium was then injected into the balloon until the fistula was totally occluded (figure 2, 4).
2) Treatment of aneuryms (whether giant or traumatic) of the cavernous portion of the internal carotid artery was carried out in the same way. The only difference was that we brought the balloon as close as possible to the neck of the aneurysm. We then occluded the parent vessel by inflating the balloon, usually at the cavernous portion of the carotid artery.
Finally, a full neurological test was carried out over a period of 20 minutes before detaching the balloon.
3) Treatment of brain, dural, and spinal cord AVMs or AVFs was performed using the superselective technique. The micro catheter was introduced into a 5 French guiding catheter in a coaxial system. N-butyl cyano-acrylate (Histoacryl) at an optimum concentration was then combined with either lipiodol and histoacryl or ivalon.
The solution was injected into the vessels of the lesion via the microcatheter, until a satisfactory effect was achieved.
Results
1) Carotid cavernous fistulas: 100 patients, traumatic for the most part (figures 2, 4), were treated in our centres. Their ages and the location of their lesions are shown in tables 2 and 3. Results are depicted in tables 4 and 5.
2) Brain AVMs: All 37 brain AVM patients were classified according to age group, symptoms, location of the lesion, grading, number of sessions and size of the cured or reduced brain AVM. They are presented in tables 6-11 (figure 3).
3) Head and neck area: since the first tumour was embolised in our department in June S. Suthipongchai Results have proven to be good, especially in the case of preoperative embolisation 30. They also showed an effective haemostatic effect on severe epistaxis. Prior to this kind of treatment, the patient lost from 1.000 cc to 2.000 cc of blood during nasopharyngeal angiofibroma surgery, although hypotensive anaesthesia had been used in nearly every case. After presurgical embolisation had been initi- 4) Dural and brain AVMs and A VFs: in AVF lesions, patients could be cured using the glue or balloon embolisation techniques. In AVMs, however, total occlusion was a real challenge to us at the time, due to the quality of the angiographic equipment available, and because of particularly poor fluoroscopic control. However most of the patients showed satisfactory clinical results despite often partially treated AVMs. Dural AVMs proved difficult to cure and despite the use of glue, complete occlusion was rarely achieved. However, partial treatment consistently improved pial vein congestion when present, precluding ischaemic infarction of the brain. In brain AVM patients, the purpose of the treatment is to reduce the risk of haemorrhage (reported to rate 3-4% per year 6, 23) and to decrease the mortality and morbidity that follow intracranial haemorrhage, improving the symptoms (seizure and headache) being the major concern. However total occlusion of brain AVMs could only be achieved in 5 cases. 5) Aneurysms: among the 5 cases referred to us, the majority of them were caused by trauma. Only a giant aneurysm of the cavernous portion discovered in a 14 year old girl was considered to be congenital. The ages of the other patients ranged from 20 to the early 30s, except for one who was in his 60s. They were all cured by sacrificing the parent vessels (figure 7). 6) Spinal AVMs: we have treated 3 cases of spinal AVMs (1 cervical, 1 thoracic, and 1 lumbar). All 3 of them were completely embolised angiographically. One severe immediate post embolisation complication was reported with tetraplegia. The patient recovered progressively except for a persistent weakness of the small muscles of the hand (figure 8). Spinal cord embolisation of AVMs is a hazardous treatment, and requires meticulous study of the angio-architecture prior to being carried out. The quality of the angiographic machine is of crucial importance in this case, and justifies the investment in new equipment. 7) Acute cerebral thrombosis: 3 patients suffered from an acute stroke during or after angiographic or interventional procedures. One of them was a 6 hour post-embolisation brain stem stroke. We injected 300,000 LU. of streptokinase via the artery ( figure 9 ) . Two of the patients recovered completely, while the other died from haemorrhage, as the autopsy later revealed.
Comments
Preoperative embolisation and treatment of various vascular lesions of the head and neck area, as well as the dural, brain and spinal areas, have previously been reported by many authors 1-10,12-16,18-28,31 -32. We merely followed the rules and benefited from the past experiences of those authors in carrying out the treatment or preoperative embolisation of all the vascular lesions dealt with in our centre.
CCFs have also been surgically treated in the past. In 1930, Brooks 4 laid the foundation for intravascular surgery by inserting a piece of muscle into the carotid artery in an effort to embolise a carotid cavernous fistula. In 1935, Dandy 1 , was the first to put a metallic clip on the carotid artery to cure a carotid cavernous fistula.
Many other surgical procedures 16, 18, 19 have been performed to treat carotid cavernous fistulas, including ligation 18, 19 and supraclinoid clipping of the internal carotid artery, at the expense of its patency. Direct repair of the carotid cavernous fistula and packing of the cavernous sinus with pieces of cotton have also been attempted 16 . These methods come with an unavoidable high rate of complications due to the cran- Figure 6 A 44 year-old female came to the hospital with a history of minor trauma in the right mastoid region, A few months later, she presented an injected right eye and tinnitus, A) A selective angiography of the posterior branch of the right ascending pharyngeal artery shows the A-V fistula draining consecutively into a cervical vein, the inferior petrosal sinus and retrogradly into the cavernous sinus, B) A balloon (arrow) was inflated partly in the venous side and partly in the arterial side to occlude the fistula, C) The lateral view of the right common carotid angiography confirms the total occlusion of the fistula (arrow), Figure 7 An 18 year old male presented with a history of 4 episodes of severe epistaxis (3 months after a traffic accident); hypovolemic shock was noted every time the epistaxis occurred. A , B) A.P. and lateral angiography revealed 2 aneurysms at the C3, C3-4 portions of the left internal carotid artery (arrows). C) A balloon (curved arrow) was inserted into the left internal carotid artery to occlude the parent vessel and the aneurysms. The tip of the balloon could be seen in the left ophthalmic artery. D) A.P. and lateral views of the left vertebral angiography showed complete occlusion of the bifocal aneurysms of the left internal carotid artery.
iotomy and direct exposure of the cervical internal carotid artery or of the cavernous sinus. Many other methods have been tried, such as electrothrombosis in 1975 by Hosobuchi 2\ who proceeded to direct closure with copper wire. However, the application of electric current caused severe spasms of the internal carotid, resulting in delayed cerebral ischaemia.
In Thailand, over five million motorcycles already make their way around the country. Meanwhile, more than one million are still being sold per year (unpublished data from Prapasarapong Q. Editor of Formula magazine). Accidents and their related effects rate second in the list of death causes, while traffic accidents rate fifth 29. Thus most of our cases are caused by trauma. Carotid cavernous fistulas, traumatic A-V fistulas and traumatic aneurysms at the cavernous portion of the internal carotid artery 7.18 are the lesions most often encountered.
Because of this, carotid cavernous fistulas re- ferred to us are usually quite large, making No. 9 GDV balloons the most appropriate in size. Among these, 5% have been reported to be bilateral CCFs. The spontaneous regression of a bilateral C.C.E was described in one case. Despite the fact that it has been mentioned in several other papers 3,8,10,11,13,28,32 , bradycardia during inflation of the balloon has seldom been observed in our patients. 
S. Suthipongchai

1995-1997
Over the past three years, interventional neuroradiology has been developed at the Ramatibodi and Prasat hospitals, which both happen to be branches of Mahidol University. They launched the same training program and benefited from the same tutors and partnerships as Siriraj. Just as they were at Siriraj, medical and technical staff were trained on site and at the two centres in Bangkok, followed by a six month period in an active interventional neuroradiology department abroad. Continuing education is carried out on site.
Conclusion
Teamwork, bringing nurses, technicians and physicians together, is one of the reasons our work is so rewarding. It is crucial for physicians to benefit from the knowledge of senior interventional neuroradiologists if they want to acquire the skills and experience necessary to handle different vascular lesions properly. Bid~tre. The Siriraj and Ramatibodi-Prasat centres currently perform 160 and 140 neuroradiological endovascular treatments per year, respectively. Both were provided with biplane equipment in 1996. Because of their increasing activity, our three senior interventional neuroradiologists have started training three younger certified (neuro )radiologists. They will have completed the course by the end of 1998. Their cursus began with eighteen months' training at forged over the past six years, is one of the most active centres in Asia, and perhaps in the world. Apart from preoperative embolisations, three to four carotid cavernous fistulas are treated per week at both centres. Other pathologies include facial and brain vascular malformations (in Siriraj), brain and spinal cord arteriovenous malformations, and dural shunts (in Ramatibodi and Prasat). The ever growing number of cases has led us to train our own physicians, as well as the neuroradiologists already available in the area, while bearing in mind the economic and pathology specificities of the geographical area.
Our immediate projects consist in 1) Developing embolisation of ruptured (or non-ruptured) arterial aneurysms at both sites.
2) Improving management of ischaemic accidents. In May 1997, the inauguration of a neurological intensive care unit at Siriraj hospital, to which we are associated for clinical research in this field, was a big step in that direction.
3) Organising the management of infants and young children at Ramatibodi-Prasat. 4) Structuring Mahidol University as a training center for the region. 5) Setting up a wide ranging international conference to celebrate twenty years of interventional neuroradiology in Thailand.
